The interest in the development of edible and biodegradable films has increased because it is every day more evident that non-degradable materials are doing much damage to the environment. Blends based on different ratios of plasticized poly(vinyl alcohol) (PVA), carboxymethyl cellulose (CMC) and Tannin compound were prepared by solution casting in the form of thin films. Then the blend films were exposed to different doses of gamma radiation. First, the effect of gamma irradiation and the Tannin compound, as an antimicrobial agent, on the thermal and mechanical properties was investigated. As an application in the field of the prolongation of food preservation lifetime, banana fruits were coated with solutions of gamma irradiated PVA/CMC blends in the presence of Tannin. The results showed that the gamma irradiation improved the thermal properties, which provides suitable materials based on natural biodegradable polymers for food preservation withstanding the temperature and stresses.
Introduction
The increasing demand for fresh fruits and vegetables forces the food industry to develop new and better methods for maintaining food quality and extending shelf life. On the other hand, consumers around the world demand food of high quality, without chemical preservatives and with extended shelf life. An increased effort has been made to discover new natural preservatives and antimicrobials. This is because fruits are directly sold for consumption. For the consumers, the most important attributes of fresh fruits are flavor and appearance, as well as their safety and nutritional value [1] . The application of edible films and coatings to food products represents a new approach to solve this problem. Edible films and coatings can include antioxidant and antimicrobial agents in their formulation, which results in a better preservation of quality [2] .
Recently, edible coatings have been widely studied for preservation of fruits and vegetables. There is increasing public interest in development of edible natural biodegradable coatings to replace the currently used commercial synthetic waxes for maintaining postharvest quality of fruit. In this regard, developed polysaccharide-based edible bilayer coating comprises carboxymethyl cellulose (CMC) and chitosan in preserving postharvest quality of various citrus fruit, including "Or" and "Mor" mandarins, "Navel" oranges, and "Star Ruby" grapefruit after simulated storage and marketing have been studied [3] . It was found that the CMC/chitosan bilayer coating was equally effective as the commercial polyethylene wax in enhancing fruit gloss. Furthermore, the CMC/chitosan bilayer coating slightly increased fruit firmness, especially of oranges and grapefruit, but was mostly not effective in preventing post-storage weight loss. The effects of different concentrations of lemongrass essential oil incorporated into an alginate-based [sodium alginate 1.29% (w/v), glycerol 1.16% (w/v) and sunflower oil 0.025% (w/v)] edible coating on the respiration rate, physico-chemical properties, and microbiological and sensory quality of fresh-cut pineapple during 16 days of storage were evaluated [4] . The results showed that yeast and mould counts and total plate counts of coated samples containing 0.3% and 0.5% (w/v) lemongrass were lower than other samples. The quality and shelf-life of strawberries with edible coatings based on carboxymethyl cellulose (CMC), hydroxypropylmethyl cellulose (HPMC) and composites with chitosan (CH) coatings on the shelf-life and overall quality of strawberry fruit were studied [5] . Fruit coated with edible coatings showed significant delays in the change of weight loss, decay percentage, titratable acidity, pH, total soluble solids and ascorbic acid content as compared to uncoated control fruit. The optimal composition of edible coatings in view of their application to extend the shelf life of several tropical fruits was studied [6] . Coatings constituted by galactomannans from different sources (Caesalpinia pulcherrima and Adenanthera pavonina) and glycerol were characterized as coatings for five tropical fruits: acerola (Malpighia emarginata), caja (Spondias lutea), mango (Mangifera indica), pitanga (Eugenia uniflora) and seriguela (Spondias purpurea). The surface properties of the five fruits were determined and different aqueous galactomannan solutions (0.5%, 1.0% and 1.5%) with glycerol (1.0%, 1.5% and 2.0%) were tested for their wettability on fruits. The application of coatings in fruits such as apples [7] , mango [8] - [10] and kiwi [11] was also studied.
It was established that radiation crosslinking of polymers improves the thermal, mechanical properties and it can be induces reactive compatibilization in polymer blends [12] [13] . The main advantages of the application of high-energy irradiation to polymer blends are the formation of strong bonds between macromolecules. Compatibilization of polymer blends by high-energy radiation can be achieved without addition of any ionomer, and in presence of multifunction monomers and ionomers, they are effective in accelerating and increasing the crosslinking degree [14] .
Carboxymethyl cellulose (CMC) polymer has a significant swelling capacity, non-toxicity, biodegradability, unique reactivation, hydrophilicity and molecular characteristics [15] . Cellulose and its derivatives generally undergo degradation by high energy radiation. Radiation crosslinking, however, was observed in high concentration solution of CMC [16] . The development of environmental friendly materials is a continuing area of challenge for food packaging and coating technology. One of these synthetic materials is poly(vinyl alcohol). This polymer has excellent chemical resistance, also its optical and physical properties enable a broad industrial uses. In addition, it was reported that PVA is a biodegradable polymer, in which the mechanism of biodegradation involves first dehydrogenation into the corresponding carbonyl groups to form β-hydroxy ketone which followed by aldolase-type cleavage [17] .
Tannin has attracted the interest due to their chemical activities, such as anti-inflammatory, antibacterial, antiseptic and antimicrobial. Some of these properties already exhibit scientifically validated activity. Besides the use in folk medicine as an anti-inflammatory, healing and anti-hemorrhagic to treat venereal and stomach diseases, recent studies have shown that tannins can be used as feedstock for the production of adhesives, due to the reactivity of their condensed tannins present in the bark and leaves. Then, there is the interest to use the tannins for multi-purpose applications, since it is a natural material with a renewable character [18] .
Bananas are one of the most popular fruits worldwide and particularly in Egypt that are characterized with unique and highly desirable taste and flavor. In the present work, we have proposed to study the possibility to obtain blend materials starting from PVA and CMC in order to improve the physico-chemical properties of the blends. The effect of Tannin and different irradiation doses on the structure and properties of PVA/CMC/Tannin composite films were investigated. Also, these blends may eventually used in film industry as edible packaging material for food preservation. The second goal was to evaluate the quality of coated Banana at ambient temperature instead of refrigerated storage. Non-coated fruits and fruits coated with gamma irradiated PVA/CMC composite films were compared.
Experimental

Materials
Poly(vinyl alcohol) (PVA) was a laboratory-grade chemical and purchased from Backer Chemical Co., USA. It was in the form of powder, fully hydrolyzed and has an average molecular weight of 125,000 g/mol. Laboratory-grade chemical Carboxymethyl cellulose (CMC) with viscosity at 20˚C of 1500 cp was purchased from El Gomhoria Co., Cairo, Egypt. Tannin (TA) was obtained from Riedel-DeHaen Co., Germany, and was used without further purification. The chemical structure of TA is shown Scheme 1.
Preparation of PVA/CMC Blends
The required amounts of CMC were added to 100 ml of distilled water at room temperature with continuous stirring. After, CMC was completely suspended; the temperature was gradually raised to 95˚C with continuous stirring. During the stirring, the required amount of PVA dissolved in hot water was added to CMC solution. The mixture was poured on Petri dishes and dried for 48 h at 37˚C to form films. Complete drying was avoided, as some moisture is required for films to remain flexible and not to crack. The films were finally removed from the dishes and placed in sealed containers at 4˚C to avoid moisture exchange.
Gamma Irradiation
Irradiation to the required doses was carried out in the cobalt-60 gamma cell, (Canada) at a dose rate of 5.87 kGyh −1 in air. This source was installed at the King Abdul-Aziz City for science and technology (KACST).
Thermogravimetric Analysis (TGA)
TGA thermograms were obtained using Mettler Toledo TGA-1), USA with a heating rate of 10˚C/min under flowing nitrogen (20 ml/min) from room temperature to 500˚C.
Scheme 1.
Chemical structure of Tannin (TA) containing a macromolecular aromatic ester with two or three −OH groups.
Differential Scanning Calorimetry (DSC)
DSC measurements were performed using a differential scanning calorimeter (DSC-60) Shimadzu, Japan, in sealed pans. A heating rate of 10˚C/min was utilizing under nitrogen atmosphere over the temperature range from room temperature to 350˚C.
Mechanical Properties
Dynamic mechanical properties of PVA/CMC blends were determined using dynamic mechanical thermal analyzer (PerkinElmer (USA). The mechanical properties of the samples were tested in the form of strips of 4 cm in length and 0.4 cm in width. The tension-torsion mode was used under the test temperature range from room temperature to 200˚C with a heating rate of 3˚C/min and a constant strain amplitude of 0.5%. Storage modulus (E') loss modulus (E'') and loss tangent (tanδ) of each sample were recorded at frequency mode 1Hz.
Application of PVA/CMC/TA as Surface Coating Food Preservation
During the stirring of the solutions of PVA/CMC, the required amount of dissolved TA is added. The blend solutions were gamma irradiated to different doses. The PVA/CMC solutions were applied to the banana fruit (carefully washed and dried) by surface coating in such a way that the surfaces are completely covered by the solutions. The coated samples with blend solutions were compared with the uncoated samples. All the banana samples were stored at room temperature for 19 days.
Results and Discussion
Characterization of PVA/CMC Blends
Thermogravimetric Analysis (TGA)
Thermal characterization is a well-known method for determining the miscibility of polymers blends [19] . The thermal stability of any polymeric materials is mainly dependent on the covalent bonds between the atoms forming polymer chains. The reported bond dissociation energy values for C-H, C-C, C-O, O-H and C=C was 414, 347, 351, 464 and 611 kJ/mol [20] . According to these values, the average dissociation energy for PVA and CMC were calculated to be 419 and 578 kJ/mol, respectively. According to these values, it may expect that addition of CMC to PVA will increase the thermal stability of the polymer blends. Thermogravimetric analysis (TGA) is widely used method to investigate the thermal stability of polymers over a wide range of temperatures. Figures 1-3 show the TGA thermograms and the corresponding rate of thermal decomposition reaction for PVA/CMC blends, before and after they had been gamma irradiated to different doses. It can be seen that the decomposition was started early at temperature range of (100˚C -200˚C with loss percentage of (3% -10%) of the sample weight depending on the blend composition. This loss in sample was related to water removal during this range and the loss in CMC and PVA/CMC blends was more than pure PVA. This may be due to that CMC can accommodate more water molecules between its chains than PVA molecules. With progress in thermal heating a more decomposition was occurred, in the temperature range (300˚C -500 o C). In this rang the weight loss was (15% -90%) depending on the PVA/CMC ratio and it can be seen that the thermal stability of CMC and PVA/CMC blend was lower than pure PVA. On the other hand, the rate of thermal decomposition reaction curves for PVA/CMC displayed similar trends and goes through one maximum indicating good distribution and compatibility between PVA and CMC blends. Visual observation also showed that all the solutions of PVA/CMC mixture were clear at room temperature. The temperatures of maximum value (T max ) were found (365˚C -325˚C) depending on the blend composition. A little decrease (T max ) was found with increasing the CMC ratio in the blend.
Effect of Blend Composition
As shown in Figures 1-3 and Table 1 , the effect of irradiation dose on thermal stability depends on the ratio of CMC. Irradiation of PVA/CMC blends to a dose of (20 kGy) improved the thermal stability of these blends; this improvement was more in case of blends containing higher percentage of PVA. The decrease in thermal stability in CMC may attribute to presence of glycoside bond that easily dissociated with irradiation. Increasing irradiation dose (40 kGy) decreased the thermal stability of the polymer blends, Radoslaw found that irradiation of CMC induces radical formation at different positions [21] . 
Effect of Tannin (TA) Compound
The TGA thermograms and the corresponding rate of thermal decomposition reaction for blends and containing a constant ratio (5%) of TA compound, gamma irradiated to different doses are shown in Figure 4 and Figure 5 . From these figures it can be seen that the addition of TA to CMC/PVA improved the thermal stability. On the other hand, this improvement was decreased in case of CMC than the improvement in the PVA and consequently their blends. From the Figures, it can be seen also that the curves had similar trend where the thermal decomposition for pure PVA went through one maximum. On the other hand, the rate of thermal decomposition reaction curves for PVA blends in presence of TA polymer displayed similar trends as that not containing TA. The temperatures of maximum value (T max ) were found (320˚C -402˚C) depending on the blend composition-see Table 2 a decrease in (T max ) were found with increase the CMC ratio in the blend.
The effect of irradiation on normal TGA thermograms for polymer blends containing the TA increased also the thermal stability comparing with the thermal stability of unirradiated and not containing the TA. The TA can act as energy sinks during irradiation process, this protects the polymer chain backbone from irradiation as well as TA can be scavenging the radicals and stabilized these radicals through the resonance in benzene rings [22] . From Table 1 and Table 2 and Figures 2-5 it can be seen that the main decomposition process for PVA, CMC and PVA/CMC blend occur in one step as in case of unirradiated PVA and PVA/CMC blends. The values of T max for unirradiated PVA and irradiated with 20 kGy and 40 kGy were found to be 345 o C, 385 o C and 345 o C this T max was highly increased with adding the TA (402˚C) the T max decreased with irradiation but still better than the unirradiated PVA.
Differential Scanning Calorimetry (DSC)
DSC analysis has proved to be valuable method for investigating the thermal parameters of polymeric systems. DSC curves were plotted for PVA/CMC blends and the blends containing constant ratio of 5% of TA compound, before and after gamma irradiation to different doses as shown in Figures 6-9 . It should be noted that the T g was taken as the temperature of the first endothermic peak which is the enthalpy relaxation of the amorphous part, the T m was taken as the second endothermic peak which is due to the melting of the crystalline part of the blend. The first transition starts at 50˚C for PVA and ends with endothermic transition around 140˚C, the maximum of this peak was at 105˚C as shown in Figure 6 . The reported glass transition temperatures in the literature for PVA and CMC were 84 and 150˚C, respectively, depending on the plasticizer used and the thermal history of the samples. As shown in Figure 7 , the addition of TA to the PVA, CMC and their blends, the TA compound acts as a plasticizers and decreases the endothermic peaks without changes on the shape of thermal transition in the polymers. The DSC thermograms for gamma irradiated PVA, CMC and PVA/CMC (50/50%) blends with TA showed two endothermic peaks due to the glass transition temperature (T g ) and the melting temperature (T m ) as shown in Figure 8 and Figure 9 . It can be seen that the value of Tg decreased with increasing irradiation dose for CMC and PVA and another decrease in the T m due to the gamma irradiation of the blends. On the other hand, the thermograms of the irradiated blend suggest a semi-crystalline nature of the blend. 
Dynamic Mechanical Analysis (DMA)
Many polymers show specific characteristic modulus changes and absorption peaks at specific temperatures, which can be used as a "fingerprint" of a particular polymer, leading to identification of important properties such as atoms or molecular relaxation. One of the goals of this measurement is to understand the effect of blending and irradiation on the mobility of PVA polymer at molecular level. DMA spectra of PVA, CMC and their blends, before and after gamma irradiation to different doses are shown in Figures 10-12 . In these curves, the temperature dependency of the loss modulus, E" (energy cannot stored and cannot be recovered), storage modulus, E´ (the energy can be stored and can be recovered), and the (tan delta) was plotted. The E´ value for CMC polymer was higher than that for PVA. At above 100˚C, the decrease of E´ was suppressed for the PVA/CMC blends compared with that of PVA. This is because when materials turn to be soft, the H-bonding effect and side chain of the CMC determines the characteristics of the blend due to the restricted movement of the polymer chains. It can be seen that with increasing the temperature the chain mobility increased either in side chains or in the groups of adjacent backbone atoms resulting in lower modulus.
As the free volume continues to increase with increasing temperature, we reach the glass transition, Tg, where large segments of the chain start moving. This transition is also called the alpha transition, Ta. The Tg is very dependent on the degree of polymerization up to a value known as the critical Tg or the critical molecular weight. Above this value, the Tg typically becomes less dependent on molecular weight. This movement occurred in PVA at temperature less than the expected because of the presence of glycerol. The presence of PVA in the PVA/CMC (50/50) blends decreases the alpha transition due to decrease the side chain movement through hydrogen bonding.
From Figure 11 and Figure 12 , it can be seen that loss modulus and storage modulus values were less than unirradiated PVA and CMC polymers. This decrease due to gamma irradiation of polymers has two probabilities; the first probability was the crosslinking due to radical formation on the adjacent radical chains and the second probability was the degradation that occurs in the polymer chains. The radiation effect on the polymer is combination between these two effects, if the degradation is majored reactions, the overall properties will be degradation otherwise, and the crosslinking is the prominent. The effect of radiation on the CMC modulus properties improved the working temperature in comparison with the unirradiated CMC. These properties were improved in PVA/CMC blends. On the other hand, increasing irradiation doses from 20 kGy to 40 kGy decreases the modulus properties this decrease is due to increasing the degradation on the chains. Figure 13 and Figure 14 show the temperature dependency of the storage modulus (E´), loss modulus (E") and (tan delta) of the PVA, CMC and their blends that containing TA. When TA is added to the PVA , CMC and the blends it increases the modulus properties of the PVA whereas it decreases in case of CMC this increase in PVA modulus occurs at room temperature, by increasing the temperature the modulus decreased faster compared with the pure PVA. This faster decrease may be due to that PVA can form H bonding easier than CMC, TA has hindered structure that can not easily form hydrogen bonding whereas PVA has linear chains can favorably for hydrogen bonding. With increasing, the temperature the hydrogen bonding between PVA and TA de- composed and the TA working as plasticizer increasing the chain movement and decreasing the modulus. On the other hand, this effect is less in PVA/CMC and CMC polymer. Also from figures, it can be seen that the peaks in tan delta for PVA/CMC blends and CMC were decreased and this may be due to that the TA molecules and glycerol increases the side chain movement.
The effect of phenolic compounds on the mechanical properties of irradiated PVA, CMC and PVA/ CMC(50/50) was improved in comparison with that for irradiated PVA, CMC and PVA/CMC (50/50) without phenolic compound. This improvement may be due to that phenolic compound can act as antioxidant and antirads through providing liable hydrogen that terminate radiation induced radicals on the polymer chains [22] .
Application of PLST/PVA Blends as Edible Materials
Fruits and vegetables continue to respire and transpire after harvesting as living organisms. They are characterized by a high respiration rate and reducing the respiration and transpiration rates can extend their shelf life. This reducing can be done by controlling some factors such as temperature, relative humidity, light and mechanical damage, using some treatments as waxing and irradiation [23] - [25] . They reported that the edible films and coatings are thin layers that act as a barrier to the external factors such as (oxygen, oil and water vapor) and thus protect the food products and extend their shelf life. PVA/CMC/TA blends in this section are considered biodegradable polymers, edible materials and were used as coating for fruits like banana. TA was used as antibacterial material. Five groups of banana were surface coated by these blends. The first one was untreated group and served as a control as shown in Figure 15 . The second group was surface coated with unirradiated PVA polymer solution as shown in Figure 16 , whereas the third group was surface coated with unirradiated CMC polymer solution as shown in Figure 17 . The forth group was surface coated with unirradiated PVA/CMC/TA blend (50/50%) solution as shown in Figure 18 whereas the fifth group was surface coated with gamma irradiated PVA/CMC/TA blend (50/50%) solution as shown in Figure 19 . It can be seen that banana with irradiated solution has prolonged the storage life from 9 to 19 days. At the 19 th day, banana kept good color natural and ripening, whereas the control is damaged completely and the fruits, which was coated with unirradiated blend, could not prevent the ripening. This effect is due to: 1) The antimicrobial effect of TA, which prevents the attack of microorganisms.
2) The homogeneous coating would prevent the transfer of humidity and oxygen to fruits, which prevent any deterioration in the fruits.
3) The gamma irradiated films with improved mechanical and thermal properties will eventually withstand and protect the fruits against stresses and temperature.
4) The anti-fungal activity and the change in physico-chemical properties of blend by gamma irradiation. From above data we can concluded that, biodegradable polymer blends based on various different ratios of poly(vinyl alcohol) (PVA) and carboxymethyl cellulose (CMC) were prepared by casting solution techniques. The thermal stability of unirradiated blends containing constant ratio of tannic acid indicated that tannic acid improve the thermal stability of PVA and this improvement decreases in case of CMC and in the blends. DSC thermograms were found that there is one T g for the blend before and after irradiation due to occurrence of some compatibility between PVA and CMC specially at ratio (80/20). Also, Dynamic mechanical properties of PVA, CMC and PVA/CMC at different ratio before and after irradiation were studied and it was found that storage and loss modulus for CMC was higher than that for PVA, these properties decreased with irradiation. Application of irradiated PVA/CMC/tannic acid was investigated as coating materials for the fruit preservation. The coating of banana with gamma-irradiated blend has prolonged the storage life from 9 to 19 days. At the 19 th day, banana kept good natural colour and ripening, whereas the control is damaged completely and the fruit coated with the unirradiated blend could not prevent the ripening.
Conclusion
In this work, biodegradable polymer blends based on various ratio of poly(vinyl alcohol) and carboxymethyl cellulose were prepared by casting solution techniques. The thermal stability of PVA was improved by adding TA and irradiation whereas; this improvement was decreased in case of CMC and the blends. In addition, dynamic mechanical properties of PVA, CMC and PVA/CMC at different ratios before and after irradiation were studied and it was found that storage and loss modulus for CMC were higher than that for PVA, these properties decreased with irradiation. Application of irradiated PVA/ CMC/tannic acid blends as coating materials for the Figure 18 . Photomicrographs of banana fruits treated by surface coating with unirradiated PVA/CMC/TA blend (50/50%), pictures were taken after different days at room temperature. Figure 19 . Photomicrographs of banana fruits treated by surface coating with gamma irradiated PVA/CMC/TA blend (50/50%), pictures were taken after different days at room temperature.
fruit preservation was investigated. The coating of banana with gamma-irradiated blend has prolonged the storage life from 9 to 19 days. At the 19 th day, banana kept good natural colour and ripening, whereas the control is damaged completely and the fruit coated with the unirradiated blend could not prevent the ripening.
